Introduction
Multi-morbidity increases with age [1, 2] being present in up to 82% of individuals aged over 85 years [1] . Multimorbidity is associated with: rapid functional decline amongst older people [3] ; memory problems [4] ; lower quality of life (QoL) [5] , and is a stronger predictor of healthcare utilisation than age or gender [6] . The ageing of the population, with those aged 85+ being both the fastest growing group and the most likely to have multi-morbidity, will mean understanding and managing multi-morbidity in the oldest old is increasingly important.
Studies of multi-morbidity lack consistency of methods [7] . Patterns of diseases may be more useful than counting number of conditions. While patterns of multi-morbidity have been identified [8] , studies to date seldom link outcomes to patterns, and none have examined octogenarians or indigenous older populations. New understandings of outcomes related to specific disease groupings may lead to new strategies in improving patient-centred care and outcomes.
We aim to identify specific patterns of conditions of octogenarians living in NZ, contrasting two ethnic groups, and report associated prescribing appropriateness and subsequent hospitalisations and mortality over 4 years.
Methods
Te Puāwaitanga O Nga Tapuwae Kia ora Tonu: Life and Living in Advanced Age; a Cohort Study in NZ (LiLACS NZ) is a cohort study of Māori (indigenous people in New Zealand) and non-Māori octogenarians [9] .
The study recruited a population based sample of 421 Māori aged 80-90 years and 516 non-Māori aged 85 years between March 2010 and April 2011 from a regionally defined area in the North Island, NZ. Detailed recruitment strategies are previously described [10] . The study was approved by the Northern X Regional Ethics Committee (NXT/09/09/088; NXT/10/12/127). Written informed consent was obtained from all participants.
Data collection
Socio-economic, health, and physical status were established using standardised techniques (comprehensive face-to-face interviews and physical assessments). For participants who scored <73 in the Modified Mini Mental Status Examination, a proxy was identified and completed the interview (details in Supplementary material).
Diagnoses
Fourteen pre-specified medical conditions prevalent in older adults were identified from self-report ('Have you ever been told by a doctor that you have had [condition]?'), General Practice (GP) records (list of conditions), hospitalisation records, physical assessments (Figure 1) . Only participants having a record of presence/absence of respective conditions in one of the five sources were included in analyses [11] .
Outcomes
Medication use was established by direct observation of medications (prescribed and non-prescribed), participants were asked how it was taken and were coded with WHO-ATC codes [12] . Prescribing quality was assessed using STOPP/START criteria [13] . STOPP identifies potentially inappropriate medications (PIMs); START lists potential prescribing omissions (PPOs). Hospitalisations and mortality were ascertained from NZ Ministry of Health data based on individually matched National Health Identification number for 48 months post-enrolment.
Statistical analysis
We chose to examine Māori and non-Māori separately because we know that prevalence of diseases [14] and outcomes from these conditions differ between Māori and non-Māori [15, 16] , and different ethnic groups may need different interventions strategies [17] .
Patient-centred approaches necessitate patient-centred rather than condition-centred analyses. Agglomerative hierarchical cluster analysis was used to identify clinically relevant subgroups based on groupings of co-existing conditions on all participants with complete data. An example of this method is species taxonomy. For the clustering algorithm Ward's method was used. This sorts individuals into clusters containing a similar profile of conditions [18] . The number of clusters was guided by a combination of methods including visualising the dendrograms and scree plots. Determining the best number of clusters is a balance between manageability and strategic attention. We adapted Cornell's pre-defined criteria [18] , meaning the cluster solution was based on informed judgements and consensus of health researchers (geriatricians, cardiologist, general practitioner, biostatisticians, epidemiologist). Stability of the cluster solution was assessed by repeating the process on a randomly selecting 50% of the Māori and non-Māori sample. Cluster labelling was based on the most prevalent conditions within the cluster and highest representation of the condition across clusters.
Descriptive statistics are presented for each of the clusters. Multivariate regression models (linear or log-binomial regression) examined associations between identified clusters and PIMs, PPOs, and pre 12-month hospitalisation adjusting for age (Māori only), gender, education status and deprivation index. Cox-proportional hazards models were used to determine hazard ratio (HR) for 48-month hospitalisation and allcause mortality. We used the cluster identified as 'healthiest' (fewer conditions or lower prevalence of all conditions versus other clusters) as the reference group in regression analyses. Separate analyses (adjusted for similar confounders) were completed based on median number of conditions.
Statistical analyses were performed with IBM SPSS v23. A P-value < 0.05, two-tailed, was considered statistically significant.
Results

Participant characteristics
In the study, 888/937 participants were included in analyses (387/421 Māori; 501/516 non-Māori) (Figure 1 ). The proportion of participants living in residential care was similar between those included and excluded (8% vs. 13%, P = 0.176), as with functional status (NEADL score), median (IQR) 19(4) vs. 17(5), P = 0.589.
Among the 387 Māori, 221 (57%) were women; mean age was 82.7 years (SD 2.8). All the 501 non-Māori were 85 years old at entry; 268 (54%) were women. The median (IQR) for number of conditions overall was 3(3) for both Māori and non-Māori. Inappropriate medication was identified in 168 (66%) Māori and 250 (62%) non-Māori. Over 48-month follow-up, all-cause hospitalisations occurred in 302 (80%) Māori and 391 (79%) non-Māori; 121 (31%) Māori and 133 (27%) non-Māori died.
For Māori, those with ≥3 conditions had higher risk of any hospitalisation (P < 0.01) and all-cause mortality (P < 0.001) at 48-month follow-up than those with <3 conditions (Table 1) . Non-Māori with ≥3 conditions had a higher risk of all-cause mortality (P < 0.001) at 48-month followup ( Table 2 ). The risk of any hospitalisation did not differ between those with less than three conditions and those having three or more.
In assessing the stability of the cluster solution, dendrograms and scree plots from the random sample showed similar patterns and prevalence of conditions in clusters indicating the overall cluster solution had a high degree of stability. We identified six distinct clusters for Māori and non-Māori (Tables 1 and 2 ) and labelled as described in the method section, e.g. for Māori, Cluster 3 was labelled 'arthritis' as 84% of members had arthritis, and Cluster 4 was labelled 'CVD, respiratory and mental health' as CVD and asthma/chronic obstructive pulmonary disease (COPD) were highly prevalent and this cluster had the highest prevalence of depression across the clusters (38%). Note is made that the prevalence of some conditions in the 'Well' cluster is higher than might be expected from its given label (relative to prevalence in other clusters). • No consent, n = 41.
• Consented but review was not completed (n = 59), Consented but participants changed their mind (n = 24), Consented but GP refused to give out information (n = 2). • No consent, n = 306.
• Of those who consented (n = 630), 624 had blood pressure measurements, six did not have BP measurements (participants refused, n = 3; unable to do, n = 2, participant out of town); 615 had an ECG read by cardiologist, 15 ECGs were not received (participants refused ECG n = 4; unable to physically co-operate, n = 3; unsuitable environment n = 2; other reasons n = 6).
e Blood test:
• No consent, n = 305.
• Consented but did not gave sample, n = 76.
• Of those who consented (n = 556), 546 had glucose analysis, 10 did not have glucose analysis due to laboratory oversight. *P < 0.05; **P < 0.01.
Patterns of conditions and outcomes in Māori
There were more women than men in all clusters except for the 'CHF-AF' cluster. Compared to the 'Well' cluster, members in other clusters had significantly more medications and higher odds of having a PPO ( risk of hospitalisation than 'Well' cluster members. Overall, participants in 'diabetes' and 'complex multi-morbidity' clusters had the worst outcomes, 86% and 91% having at least one hospitalisation and 41% and 39% 48-month mortality. In contrast to the earlier analyses of <3 versus ≥3 conditions, these clusters showed greater differentiation of the risk of hospitalisation and mortality.
Patterns of conditions and outcomes in non-Māori
The clusters in non-Māori and Māori differed but were labelled as closely as possible to facilitate interpretation (Table 2 ). Compared to cluster 'Well', other clusters had significantly more medications and a higher risk of a PPO (except for cluster 'cancer'). All clusters, except 'CHF-AF', had more than twice the risk of all-cause mortality compared with the 'Well' cluster members. Overall, those in cluster 'depression and arthritis' had the worst outcomes: 86% having at least one hospitalisation and 31% 48-month mortality. Diabetes did not cluster in one group and was more evenly spread through Clusters 2-6. Depression clustered with arthritis amongst non-Māori, and participants with stroke were mainly in Cluster 6 ('Stroke'). Combinations of conditions, rather the count (<3 versus ≥3), showed greater differentiation of the risk of hospitalisation and mortality.
Discussion
This is the first study to our knowledge to follow hospitalisation and mortality associated with patterns of multimorbidity in octogenarians. This analysis has highlighted that profiles of conditions carry stronger associations with cross-sectional and longitudinal outcomes than the sum of those conditions. In considering the six patterns of conditions in Māori and non-Māori, several clinical insights are evident. CVD rarely occurred in isolation; 96% of those with CVD had comorbidities. Conditions that consistently clustered together in both cohorts were 'CHF and AF'; in non-Māori, with osteoarthritis; in Māori, with depression and COPD. Outcomes for participants with atrial fibrillation (AF) differed whether they were in the 'CHF-AF' cluster (same mortality as the 'Well' group), or in the 'Complex multi-morbidity' cluster (2.58 times higher than the 'Well' group). Combinations and outcomes are ethnic specific. Attempts to understand multi-morbidity have examined varying populations [8, 19] but lack of standard definitions and processes hamper consistent conclusions [10] .
As well as differentiating likelihood of poor outcomes, this analysis has highlighted the frequent combination of depression and respiratory disease for 25% of Māori octogenarians. These two conditions could be linked through lower activity from COPD contributing to depression, or lower COPD medication adherence because of depression [20] . Depression is associated with higher readmissions rates for COPD [21] and lower health-related QoL [22] . In contrast, depression clustered with arthritis in non-Māori and this cluster had particularly low quality prescribing and high mortality. We add to the NZ experience and international literature on mental and physical comorbidity showing that morbidity of mental and physical health predicted increased risk of hospitalisation and mortality.
While there are calls to manage depression and other concurrent medical conditions [21] specific intervention development based on patterns of conditions and targeted trials may be needed to establish how best to improve outcomes.
Mechanisms to mortality may be mediated through medication appropriateness which varied between clusters for both Māori and non-Māori. For both ethnic groups, PPOs were more common than PIMs and high mortality appeared to track more closely with high PPOs. PIMs rates have been associated with adverse drug events [23] , but PPOs to date have not been linked to poorer outcomes. Prescribing patterns in Māori and non-Māori are explored further in another manuscript (under review). Of note, the criteria for quality of prescribing was based on current single disease guidelines. Further work is needed in understanding whether PIMs or PPOs are more relevant in predicting outcomes.
The idea of 'personalised medicine' has gained credence internationally in recent years, frequently in the context of using molecular analysis to customisation healthcare in specific populations. The ageing population is heterogonous, and examining multi-morbidity patterns may prompt better 'personalised care'. Smith et al. suggested that an integrated care management process comprising organisational (e.g. care co-ordination/management, regulatory interventions), pharmacologic and non-pharmacologic interventions (e.g. education, exercise therapy, cognitive behavioural therapy) focusing on specific area(s) is needed [24] . Further calls for precision in assessment of outcomes challenges current conceptualisations of management [25] . We add that a greater understanding of common patterns of conditions and their associated outcomes is needed. To complement 'personalised care', the healthcare system and clinical practice also needs to be cognisant of and embrace bi-cultural (e.g. NZ) and multi-cultural (e.g. USA, UK) older populations supporting healthcare professionals to be culturally competent in delivering care.
We question whether multi-morbidity patterns may be consistent in differing populations. Very few studies have examined octogenarians, and those that have, have included hypertension as present in several clusters due to its high prevalence [8] . We excluded hypertension and thus potentially allowed underlying groupings to be identified. Some clusters identified here are similar to others in that coronary artery disease (CAD) and congestive heart failure (CHF) cluster together for Māori ('complex multi-morbidity'), also observed in those aged 75+ in Sweden [26] , and in the oldest old in Sweden dementia clustered with depression [26] as it did for both our cohorts. We did not identify cardio-metabolic clusters, common in other studies [8] . In this study when diabetes predominated, CVD was not co-prevalent in either ethnic group. Differences may be explained by different diagnostic groups included in studies and without a consistent platform populations cannot be compared. Larger studies with defined diagnostic groupings need to replicate this result. Further work should attempt consistency in multi-morbidity studies and develop specific treatment combinations related to common patterns.
Other studies have used different techniques to identify clustering of conditions [8] (e.g. multiple correspondence analysis [27] ; factor analysis [28, 29] ; hierarchical cluster analysis by clustering of conditions [18] ). Our clusters differed somewhat as we took a patient-centred approach and identified clusters of participants (rather than conditions) which could potentially lead to development of specific treatment regimes for specific groupings of co-existing conditions. In addition to different analytical techniques, different populations (age, ethnicity, geographical locations) and methods in ascertaining diagnosis (number and type of conditions) define other results [8, [27] [28] [29] [30] . While the experience of NZ's indigenous people is likely to be similar to those of indigenous peoples in other resource-rich countries with similar colonial histories, other indigenous peoples may have different histories and contemporary circumstances. Other ethnic diaspora ageing in a similar or new cultures/value system may also benefit from a separate examination of multi-morbidity.
Strengths and limitations
The strengths of this analysis are the certainty with which medications and diagnoses were identified, the inclusion of a representative group of the older indigenous population and the robustness of revalidated analysis. Limitations include the less stringent criteria (versus factor analysis) in deciding number of clusters in hierarchical clustering analysis [18] . Subjective criteria based on subject expertise were frequently employed in deciding number of clusters to ensure results are interpretable and meaningful, i.e. specificity to ensure manageability versus generalisability, and to optimise strategic attention to groupings of co-existing conditions. We predefined clinical criteria in deciding number of clusters. The low response rate (57%) [10] could be a potential source of bias (e.g. the frailer being less likely to participate). We included 'ever' diagnoses rather than 'current' diagnoses and this mainly affected the cancer group and perhaps the depression diagnosis. Missing data on outcome variables may lead to under estimation of associations between outcomes and clusters, a Type II error. This is less likely for hospitalisations and mortality with a National Health Index number, but interview data for medications was not universally available.
These findings will better inform the implementation of health programming and policies for healthcare delivery for the aged through emphasis on specific patterns rather than individual diseases in educational programmes, stimulation of specific trial research on outcomes related to different treatment regimens; and through raising public awareness of the complexity of multi-morbidity.
Conclusions
We have shown that certain disease combinations put older people at particular risk of poor outcome. These findings support personalised care for different ethnic groups based on differences between the patterns of multi-morbidity and observed associated outcomes. Further work will examine treatment patterns and whether and how they associate with outcomes within these combinations of multi-morbidity.
Key points
• Clusters of conditions provide better differentiation of hospitalisation and mortality risk than count of conditions. • Different ethnic groups have distinctive shared conditions with Cardiovascular Disease (CVD).
• Better 'personalised care' requires examining patterns of multi-morbidity.
Supplementary data
Supplementary data mentioned in the text are available to subscribers in Age and Ageing online.
